quite well but for the tingling pain on the inner side of his hand.
By V. ZACHARY COPE, M.S. TRAUMATIC I;upture of the intestine without any wound of the abdominal wall, though not a frequent occurrence, is sufficiently common to call for some definiteness as to the surest guides for early diagnosis, and the best methods to be adopted in treatment. It is with the intent of obtaining some rules for guidance that this note is written.
SYMPTOMS AND DIAGNOSIS.
When the intestine is ruptured as the result of a blow on or crush of the abdomen the symptoms which ensue can be considered as due to the supervention of shock, the occurrence of peritonitis, or the presence of gas or fluid in the peritoneal cavity. Different authors have laid stress upon various groups of symptoms as inmportant in diagnosis, thus one states that pain, muscular rigidity, alteration of liver dullness and local tenderness are the chief points [12] , another asserts that continued pain, vomiting, and rigidity are the most essential [3] , whilst a third denies that the presence or absence of pain is of any significance [10].
In discussing which symptoms are of most importance in the early diagnosis it must be remembered that the picture varies greatly, and there is hardly any one symptom, with the probable exception of pain, which is constantly present.
Berry and Giuseppi, in their classical article, enumerate the symptoms which may occur in the order of their relative frequency as pain, vomiting, shock, local tenderness, rigidity, distension, added dullness, rising pulse, diminished liver dullness, and occasionally melkena and emphysema. To their list might be added marked restlessness, persistent superficial respiration, and pain on deep breathing. The symptoms of shock are frequently absent in the early stages after rupture of the intestine, and are often present in abdominal contusions and injuries in which the intestine is unaffected; moreover, since it is the general rule with most surgeons to wait for the subsidence of initial shock before operating on any but the most obviously urgent cases, its presence is not of such great value in early diagnosis. Curtis [5] has pointed out that there are occasional cases in which the shock caused by the accident passes rapidly or slowly into a collapse which lasts until death. I have seen a case of this kind in which there were other injuries which entirely masked the symptoms of intestinal injury. It is probable that most of such cases would have a fatal termination whether operation were undertaken or not, and it would be impossible to lay down any definite rules for guidance in their treatment.
The majority of cases have to be diagnosed by the symptoms of peritonitis, of rapid or delayed onset. The main difficulty lies with those cases in which the onset of peritonitis is delayed or masked. It is with reference to these that Curtis wrote so aptly, " There are vague symptoms which keep the surgeon in expectation that peritonitis, is about to develop, but there is nothing upon which he can found a positive diagnosis. The patient lies in a state of apathy or he becomes gradually weaker, and because less able to complain, appears. to be improving; or the symptoms of peritonitis develop by degrees, and so slowly that no one can say of any moment that it marked the beginning."
The early symptoms of peritonitis may be extremely equivocal. The onset is often delayed after rupture of the intestine because the intestinal paresis caused by the injury inhibits peristalsis and allows time for the exudation of plastic lymph which seals the opening; abstention from food has a similar effect. Then when local shock is recovered from or food is taken peristalsis of the affected coil commences, and serious leakage occurs into the general peritoneal cavity. De Quervain [8] , in an admirable note on the subject, lays due stress on the slightness of the symptoms: " When signs of haemorrhage (he states) are absent and when slight dullness in the flanks indicates a little free fluid in the abdomen, every abdominal symptom should make us think in the first place of ruptured intestine and should cause us to intervene. By abdominal symptoms I do not mean symptoms of confirmed peritonitis, but persistence of a slight acceleration of pulse, pronounced muscular rigidity, superficial respiration, and abdominal pain on deep respiration."
Rigidity of the muscles of the abdominal wall is a valuable symptom if it persists for more than a few hours after the accident: the rigidity may be localized to a limited area of the parietes. The rigidity which results from simple contusion of the muscles tends to pass off within a few hours. Rigidity may also occur in cases of injuries to the solid viscera, in retroperitoneal heematomata, and in injuries to the lower part of the thorax. On the other hand, rigidity may be altogether absent in the presence of ruptured gut, as in a case which I saw at St. Mary's Hospital two years ago.
The condition of the pulse and temperature is not a reliable guide in the early stages. In one case under my care the pulse was 80 in frequency and of good volume nearly twenty hours after the accident, whilst in the other it remained at a rate of 70 for some ten hours after. The temperature may be normal or subnormal at first, but shows a tendency to rise as peritonitis extends. But whilst pulse and temperature are of little help when they are normal, they are of considerable importance when above the normal. A gradual increase in the pulse-rate hour by hour, in the absence of signs of hammorrhage, is very suggestive, and Battle [2] has called attention to the importance of an elevation of temperature. At the same time, to wait until the pulse or temperature rises to any considerable extent is like waiting till the house is well alight before trying to extinguish the flames.
Pain, when continuous and increasing in severity, is the most reliable symptom in the diagnosis. In very few cases is it absent, and then there is-usually some other symptom which points definitely to the intestinal lesion. Pain is demonstrated in four ways: First, the expression of the countenance may be anxious and obviously significant of pain. Secondly, pain is complained of at the site of the lesion; it is continuous, but has exacerbations. It may gradually extend or definitely shift in position. This shifting of the pain is of more value in cases of injury to the gut situated in the upper abdomen; in both of my patients with ruptured jejunum the maximum pain shifted from the upper to the lower abdomen. Thirdly, pain, even when not complained of, may be evoked by deep pressure over the site of the lesion. This deep palpation is only possible when there is little or no rigidity, but if the latter be present there is usually tenderness on light pressure. Fourthly, in many cases the pelvic peritoneum as felt by rectal examination is painful to pressure; this is due to the pelvic peritonitis which follows early in hypogastric injuries, later when the upper abdomen is the site of the rupture. Abdominal pain, then, following an injury such as might conceivably cause a rupture of the intestine, and continuing for some hours with some extension of the area affected, or some definite shifting pelvis-wards of the pain, is the most important symptom of such rupture.
Vomiting is a frequent and important symptom and if conjoined with pain is quite suggestive enough to justify operation. The vomniting of bilious material is said to be specially significant [12] . Distension usually signifies extensive peritonitis and is a symptom which should not be waited for. A misleading exception to this statement is the occurrence of what has been termed " primary meteorism." Tschistosserdoff states that this is probably due to injury to the retroperitoneal nerve plexus. It affects chiefly the upper part of the abdomen and as a rule comes on one or two hours after the injury. It is said that other symptoms indicating rupture are usually absent when such primary meteorism is observed.
Diminution or absence of the liver dullness is a symptom which ought never to be waited for, but I do not think a hopeless prognosis should be given simply because that symptom is present. Gas escaping from the upper jejunum would soon pass in front of the liver, though frequently there is but little gas in the bowel. In one of my successful cases the liver dullness was obliterated. Edington [7] has called special attention to the restlessness which mnay be one of the earliest indications of serious intestinal injury, but it is unlikely that this would be present without some other and more definite symptoms being present; moreover, restlessness is often a marked feature of intraperitoneal heemorrhage.
Superficial respiration is the natural consequence of commencing peritonitis, because of the pain which ensues if a deep breath be taken. It would be unlikely to be present without local abdominal pain and rigidity.
The signs of free fluid are not as a rule present in the early period,
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for it is exceptional for free escape of bowel contents to occur at first, and the fluid due to peritonitic exudation collects later and tends to accumulate in the pelvis, where there is difficulty in denmonstrating its presence.
Providing there be no lesion in the chest and that renal trauma, is excluded, I would submit that it would be advisable to open the abdomen on the suspicion of ruptured intestine in the following conditions : (1) When severe abdominal pain persists for more than about six hours after an injury, if the pain be accompanied, by either (a) vomiting, especially bilious vomiting; or (b) a pulse gradually rising from the normal; or (c) persistent local rigidity tending to extend; or (d) deep local tenderness with shallow respiration.
(2) When abdominal pain is absent or very slight, but the pulse rises steadily hour by hour and the patient is very restless or listless.
When marked diminution of the liver dullness occurs with any of the above symptoms, or if there be signs of free fluid in the abdomen, the indications for operation would be imperative. It is assumed that the abdomen would be opened without any delay if the symptoms of peritonitis were quite typical.
TREATMENT.
Since the memorable case of Croft [4] in 1889 the recognized treatment of ruptured intestine has been by operation. Various methods of closing the rent have at one time or another been adopted, but it is agreed that the best plan is to suture the rent if possible. If the tear be too large for successful suture without narrowing the lumen of the bowel dangerously a lateral anastomosis may be done; whilst in many cases resection of the affected part is clearly required. If the duodenojejunal junction be the part affected a gastro-jejunostomy should be performed.
The site of the incision should be near the middle line in the epigastrium or hypogastrium, according to the position of the injury or physical signs. The injured gut is readily indicated by the glueing together of the intestinal coils by plastic lymph in the neighbourhood of the rupture. The usual procedures for protecting the abdominal wall and the rest of the abdominal cavity should be adopted.
The main point of difference between surgeons is as to the method of conducting the toilet of the peritoneum. The questions at issue are: (a) Should general or local irrigation of the peritoneum be adopted, or should dry-sponging or even no cleaning of the peritoneum be attempted ? (b) Should drainage be adopted?
In Croft's pioneer case the peritoneum was carefully purified with hot boracic solution, 20 per cent. in strength; no drainage was employed. Since that time some surgeons have washed out the peritoneal cavity with warm sterile water or saline solution, whilst others have contented themselves with sponging away the contaminating material with swabs or sponges. The majority appear to have favoured irrigation. The most extreme advocate of this procedure appears to be Wyllys Andrews [1] . He advises that a sufficiently large suprapubic incision be made and that the viscera be allowed to escape freely and float outside the abdomen. At the very beginning of the operation copious saline irrigation is started, and this is continued freely throughout the operation. In this way many gallons of fluid are employed to wash the intestines and the whole abdominal cavity. By this means coupled with drainage he saved three out of five cases. But it should be noted that the successful cases were operated on respectively seven, five, and five and a half hours after the accident. Concerning such irrigation Andrews states " That such a washing leaves a surgically clean surface no one will contend, but only that when we wash long enough to get a perfectly clear return flow it is near enough sterile so that the peritoneum can take care of what remains." Doyen [6] is against general washing out. He remarks: "If there is infection profuse lavage is commonly very hazardous, and diffuses the initial lesion. One ought only (except in special cases) to lavage locally. The rest of the peritoneum should be protected by compresses." Stone [11] , who had two successful cases, says : " The weight of authority in all but some of the recent publications urges the use of free irrigation of the abdominal cavity with sterile normal salt solution in large amounts (30 to 50 litres). It is the experience of this clinic that better results are obtained without such irrigations unless there be gross soiling with faeces, undigested food, &c."
Combining the results in the latest consecutive series of cases published by Berry and Giuseppi [3] and by Tschistosserdoff [12] , we find little difference between the results of the two methods; twelve out of fifty-three irrigated cases recovered, whilst of forty-eight nonirrigated cases ten were successful. But if the early cases be takeni.e., those in which the contamination of previously unsoiled peritoneuim caused by the irrigation would be likelv to be greatest, we find a 92 Cope: Diagnosis and Treatmnent of Ruptured In,testine difference in favour of dry-sponging. Thus of the cases operated on within six hours of the accident four out of ten irrigated cases got well, but of the non-irrigated cases four out of seven recovered. There are several reasons why copious irrigation in a case operated on within a few hours of the accident is likely to retard rather than promnote recovery. In the first place, the infection at the time of the operation is seldom general though it may be diffuse. Thorough irrigation is, in our opinion, likely to wash away protecting lymph and spread infection just in proportion to the thoroughness. No one claims that washing sterilizes the peritoneum; it only reduces the number of organisms. But a few organisms spread over a wide area are surely more likely to cause serious trouble than a greater number which are localized, provided drainage be established. A somewhat instructive parallel is afforded by perforative appendicitis. At one time many surgeons practised irrigation for these cases ; now there are few or none who advocate this treatment. The shock of the operation is also probably increased both by the stimulus of the saline on the peritoneum and the cooling of the patient owing to his skin getting wetted by the escaping saline.
For local irrigation there is more to be said. If carried out under low pressure but little extension of the infection would occur, but it is doubtful whether this inethod has any advantage over dry-sponging. Against dry-sponging it can be argued that there is a likelihood that the peritoneal endothelium may be injured by injudicious pressure of the sponge or gauze pad. But if carried out carefully and the area sponged be strictly limited to the obviously infected parts, it is unlikely that anything but good can follow. Both my cases, operated on twenty and twenty-two hours respectively after the accident, were successfully treated by this method.
Concerning the question of drainage, there is considerable difference in practice. In his original case Croft did not drain the abdomen.
Since then drainage has been carried out more frequently than not. The evidence of Berry's statistics is distinctly against drainage: of thirty cases treated by suture and drainage only nine got well, whilst of seventeen in which no drainage was considered advisable as many as seven recovered. It is unwise to lay too much stress on these figures without taking into consideration the other factors concerned. It is more likely that the worst cases would be drained, and that those of less seriousness and accompanied by least extravasation would be sewn up without drainage. In general it is probably better to drain if there has been any appreciable soiling of the peritoneum. In one of my cases I sewed up completely the epigastric incision through which I had done the suturing of the gut, and instituted pelvic drainage; in spite of the fact that much extravasation of intestinal contents had occurred the upper incision healed by first intention.
The adoption of the Fowler position and the giving of saline solution are important points in the after-treatment. Radcliffe [9] has proposed the performance of appendicostomy in order to give saline solution into the bowel through the appendix opening, but there does not appear to be any advantage in this.
The conclusions which might be gathered from the above are:
(1) That irrigation with saline solution is inadvisable in those cases operated on early, and that with late cases the matter is not of much consequence.
(2) That drainage is probably the safest plan.
NOTES ON Two CASES OF TRAUMATIC SUBCUTANEOuS RuPTURE
OF THE JEJUNUM.
Case I. H. O., aged 20, was riding a bicycle at 9.30 p.m. on the evening of July 16, 1912, when a motor knocked her off her bicycle, the handle-bar of which struck her in the left hypochondrium. The motor also passed over her left ankle. She was able to proceed home, but about an hour and a half later began to have abdominal pain. She vomited for the first time at 1.30 a.m. on July 17, and came to the hospital a few hours later because the abdominal pain continued. On admission she was found to have an injury to the left leg. She complained of pain in the left hypochondrium, but the abdominal signs were indefinite. She did not vomit after admission to hospital. During July 17 the abdominal pain increased and was now felt more in the hypogastrium. The temperature was slightly raised (101-20 F.), but the pulse, which was at one time 108, came down during the day to 80. At 5 p.m. on July 17 I was called to see her. At that time the lower abdomen was rigid, tender, and immobile on respiration; pain, not so marked, was also felt in the left hypochondrium. No vomiting, but some nausea. Pulse 80 with quite good strength and volume. Per rectum marked tenderness of the pelvic peritoneum. Urine passed naturally; no hbumaturia. Temperature 1020 F. Operation was performed at 5.30 p.m. on July 17-i.e., twenty hours after the accident. A suprapubic median incision was first made. The pelvis was full of a greenish fluid which proved to have an alkaline reaction. A little gas also escaped. No cause for this condition was found in the pelvis, so a large drainage-tube was inserted into the pelvis and an epigastric incision made. The stomach was normal, but a considerable amount of coagulated lymph had caused several jejunal coils in the left hypochondrium to stick together. The affected part of the intestine was brought outside the abdomen and carefully isolated. On breaking down the lymph adhesions a complete perforation of the gut about the size of a threepenny-bit was discovered on the anti-mesenteric border. The mucous membrane was pouting into the opening and greenish contents were escaping. The gut was clamped on both sides of the opening and the perforation closed by (1) catgut through all the intestinal coats; (2) fine silk purse-string suture; (3) interrupted catgut Lembert sutures. Before suturing the bowel the mucous membrane at the edges of the tear was trimmed. The epigastric incision was sewn up without drainage. In the after-treatment the Fowler position was adopted and saline solution given per rectumt. The epigastric incision healed by first intention, and though the temperature remained up for a few days the convalescence was uneventful. She left hospital in about five weeks' time. In November, 1912, the patient came into hospital again with acute appendicitis. During the operation for removing the appendix I took the opportunity of examining the site of former injury and found the gut soundly healed with no constriction.
Case II.-W. H., aged 30, a liftman at Covent Garden, was admitted to St. Mary's Hospital, Paddington, on October 27, 1912, complaining of abdominal pain following a street accident. He stated that he was wheeling a barrow when a taxi-cab coming up from behind struck him and threw him against the barrow, the handle of which pressed sharply against his abdomen at the level of the navel. At the time of the accident (12.45 a.m.) the pain was acute, but when adinitted to hospital (2 a.m.) he only complained of slight local soreness. On admission, examination showed no evidence of bruising of the abdominal wall, which, however, did not move to the full extent on respiration. There was slight epigastric tenderness. Pulse 60, temperature 97'60 F. I saw him for the first time at 10 a.m., when there was a slightly anxious expression on his face. The pulse was 70, there was no more abdominal rigidity than might be accounted for by local bruising, but the pain was said to be greater. The liver dullness was in no way diminished. I gave instructions for the pulse to be taken every hour, and asked the house surgeon to send for me in the event of any more serious symptoms developing. I was summoned again at 9 p.m. because the symptoms had become more marked. The patient was then obviously worse, and in need of surgical intervention. Pulse 108, temperature 99 6 F. He had vomited thrice during the day. The abdominal wall was rigid and did not move with respiration. Pain was severe and was now more marked in the hypogastric zone. As felt per rectum the pelvic peritoneum was tender. There was no distension, but the liver dullness was obliterated. The urine was in no way abnormal. Operation was undertaken twenty-one hours after the accident. An epigastric incision extending vertically for 3 in. just to the left of the middle line gave a good approach. The peritoneal cavity was full of fmnculent material, and gas. A perforation on the antimesenteric border of the jejunum about 2 ft. from the duodeno-jejunal junction was sewn up with two layers of sutures. The tear was about the size of a threepenny-bit and the mucous membrane had pouted into the opening so as to occlude it partially. Plastic lymph had also helped to limit the escape of intestinal contents. The epigastric incision was sewn up in layers, but a large drainage-tube was inserted into the pelvis by a suprapubic incision and a smaller one into the epigastric wound. No irrigation was performed. After the operation, the patient was propped up and given large quantities of saline, both subcutaneously and per rectumn. For a week he was in danger of his life, and strychnine and brandy were used as stimulants. The epigastric incision broke down but was brought together by strapping. The temperature was above normal for a fortnight, but the highest attained was 10160 F. He left hospital quite well on December 12, six and a half weeks after day of admission and has remained well up to the present time. Mr. RAYMOND'JOHNSON, referring to the above table, explained that the records of the cases of ruptured intestine admitted to twelve London hospitals during the five years 1908-12, kindly supplied by the Surgical Registrars, had been tabulated according to the plan adopted by Mr. James Berry and Mr.
Paul L. Giuseppi in their paper on the same subject.' It was interesting to notice that whereas the cases in the fifteen years 1893-1907 numbered 132, those occurring in the succeeding five years numbered 44, exactly one-third. In Berry and Giuseppi's series of 132 cases the gross mortality was 115; in the present series of 44 cases it was 35. In the former series 84 were submitted to operation, and of these 17 recovered; in the present series 30 were submitted to operation, and of these 9 recovered. Of the 21 cases dying after operation 15 were uncomplicated and 6 were complicated with other more or less severe injuries. Of the 14 cases dying without operation 6 were uncomplicated. The most important symptoms noted in the fully recorded cases of the present series occurred with a relative frequency agreeing very closely with that in Berry and Giuseppi's series and could be arranged, according to their frequency, in the following order: Abdominal pain with or without marked tenderness, abdominal rigidity, vomiting, marked shock, increasing pulse-rate, bruising of abdominal wall, dullness in one or both flanks, diminution or loss of liver dullness. The site of the rupture in the 44 cases was as follows: duodenum (3 retroperitoneal) 5, jejunum 23, ileum 13, small intestine (site not noted) 1, hepatic flexure of colon 1, rectum 1.
Mr. BETHAM ROBINSON said that he had been much interested in this injury since helping Mr. Croft in his successful case and afterwards in helping to compile the list of cases up to date. In considering the tabulated list of signs, in his opinion the most suggestive early sign of rupture was the presence of definite local rigidity. He quite agreed that no reliance could be placed upon the condition of the liver dullness.
Mr. PHILIP TURNER said that he would like to mention a case which illustrated very well the difficulties in diagnosis after abdominal injuries. The patient, a man, aged 42, was a dock labourer and was engaged with other men three weeks ago in moving heavy packing cases. One of these, estimated by the patient to weigh about a hundred-weight, slipped from the top of a pile of similar cases and struck him a violent blow in the epigastrium, throwing him over and pinning him beneath it. He at once experienced pain in the upper part of the abdomen; he was carried to a shed and then brought up to the hospital on an ambulance. He was seen about two and a half hours after the accident. The pulse-rate was then 90, he had not vomited, normal urine I Proceedings, 1908, ii, pp. 1-66. had been passed, there was some rigidity of the upper part of the abdomen and tenderness on pressure, this being most marked just above the umbilicus. It was decided to watch the patient for some hours. When seen four hours later the pulse had risen to 108, the upper half of the abdomen was quite rigid and very tender, the respiratory movements in the lower part were much diminished, and he had vomited on two occasions. It was thought probable that there was a laceration of the jejunum and an immediate laparotomy was decided upon. On opening the abdomen a typical perforated duodenal ulcer was found. There was the usual small round perforation, with sharply cut edge, just admitting a large-sized probe; round the perforation was the usual area of induration. There was no hawmorrhage, no laceration, and no signs of contusion of the abdominal wall were seen; indeed, no signs of any injury were found at all. The perforation was closed in the usual way and the peritoneal cavity drained. In a few days the patient was carefully questioned and was quite sure that the pain came on immediately after the injury. He also said that for the past three years he had been subject to severe attacks of indigestion. Mr. Turner thought that the patient must have had a duodenal ulcer, possibly on the point of perforating, and that this was determined by the injury. He also thought that if there had been no history of injury that a correct diagnosis wotuld have been made when the patient was first seen.
Mr. E. G. GAUNTLETT mentioned a case of ruptured intestine occurring in a man, aged 75, who lived for four days after the injury, and who for three days showed little or no sign of serious abdominal mischief. The patient was knocked down by a taxi-cab, and on admission presented the symptoms of general shock with some abdominal pain; there was no rigidity, vomiting, or marked tenderness, but the pulse was small and rapid. The next day the condition was much improved, the pulse-rate was only slightly raised, and the abdomen appeared normal. On the third day the condition was the same, the patient taking light diet, and the bowels acted. There was no elevation of temperature. On the fourth day the condition was changed, the appearance was worse, the patient was collapsed, but still there was nothing pointing to an abdominal lesion. The patient died shortly afterwards, and at autopsy a collection of pus and intestinal contents was found localized by adhesions behind the great omentum. On examination a small leaking perforation was found in the jejunum about 2 ft. from the duodenum. This case at no time exhibited a slowly increasing pulse-rate, abdominal rigidity, or distension.
Mr. H. BLAKEWAY said that in the years 1908-12 inclusive there were three cases of ruptured intestine at St. Bartholomew's Hospital. All were operated upon, and all died within twenty-four hours of operation with general peritonitis. In one case the jejunum, in one the ileum, and in the third the second portion of the duodenum was ruptured. These cases showed that the rupture of the bowel was not always easily detected even when the abdomen had been opened. In the second of the three cases laparotomy disclosed a torn great omentum, which was removed, but the peritoneal cavity contained neither gas nor faeces, and only at the post-mortem was a perforation as large as a shilling found in the ileum. And in the third case no rupture of the intestine was seen at the time of operation, but the autopsy revealed two small tears in the second part of the duodenum, from which a large collection of blood and bile had escaped, chiefly behind, but partly within the peritoneum, and there was early general peritonitis.
The PRESIDENT (Mr. G. H. Makins, C.B.), after thanking Mr. Cope for his paper, remarked that in the epitome of symptoms, drawn up in the same manner as those in Berry and Giuseppi's paper, he thought scarcely enough prominence was given to the sign of sharply localized tenderness, which although not constantly obtained was, when present, the most valuable indication of all. The percentage of recoveries after operation had now reached the number of thirty. This was not high, therefore, in civil practice, a point which ought to be borne in mind when considering the question of treatment in gunshot wounds of the abdomen. Irrigation of the abdominal cavity should not form a part of the technique of the operation.
